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An Update on Hypercoagulable Disorders
Daniel G. Federman, MD; Robert S. Kirsner, MD

V

enous thrombosis is a cause of considerable morbidity and is often responsible for
chronic venous disorders that frequently lead to visits to dermatologists and others
involved in wound healing. Over the past several years, many new causes of thrombophilia have been identified and have dramatically altered the approach to patients
presenting with thrombosis. Newly described abnormalities associated with thrombophilia include the syndrome of activated protein C resistance, the prothrombin 20210A mutation, hyperhomocysteinemia, and elevated levels of coagulation factors VIII and XI. Clinicians can now frequently determine causes of thromboses that have previously been deemed idiopathic.
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Venous thrombosis is a cause of considerable morbidity and mortality. It is also
responsible for postphlebitic sequelae that
lead to visits to primary care physicians,
dermatologists, vascular and plastic surgeons, and others. In addition to the risk
of embolization, as well as the acute symptoms of pain and swelling, venous thrombosis can cause postphlebitic syndrome,
which consists of chronic leg pain, edema,
induration, pigmentation, venectasia, varicosis, and venous ulcers. This syndrome,
which may occur in as many as 60% of patients with deep venous thrombosis
(DVT),1 is thought to be caused by venous hypertension, damage to venous
valves, and abnormal microcirculation.2
Venous thrombosis is a common disorder. Approximately 1 in 1000 people per
year in the United States will develop clinically apparent venous thrombosis, and
there are 250000 hospitalizations per year
attributable to venous thromboembolism (VTE). The incidence of fatal pulmonary embolism, for which venous thrombosis is the major risk factor, is 50 000
people per year.3
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Almost 150 years ago, the German
pathologist Virchow 4 postulated that
thrombosis was due to stasis of the blood,
changes in the vessel wall, and changes
in the composition of blood. Certain risk
factors for VTE have been known for
some time, including surgery, trauma, malignant neoplasms, immobility sepsis,
congestive heart failure, nephrotic syndrome, obesity, varicose veins, postphlebitic syndrome, oral contraceptives, and
estrogens. However, Virchow’s “changes
in composition of the blood,” or thrombophilia (also known as hypercoagulability), was not described until 1965, when
Egeberg 5 described inherited anti–
thrombin III deficiency. In the 1980s, deficiencies of the anticoagulant proteins,
protein C and protein S, were also found
to be causes of inherited thrombophilia.6,7
However, these inherited deficiencies
accounted for only 5% to 15% of VTE8
(Table). Subsequently, the antiphospholipid antibody syndrome has been associated with not only venous thrombosis but
also arterial thrombosis.10 Over the past few
years, considerable progress has been made
in describing inherited and other causes
of this disorder. In this review, we will discuss recent advances in diagnosing these
newly described inherited and acquired
disorders.
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Deficiencies of Antithrombin III and Proteins C and S*
Protein S
Deficiency
Inheritance
Prevalence
Earliest onset
Homozygotes
Heterozygotes
Levels decreased

Protein C
Deficiency

Antithrombin III
Deficiency

Autosomal dominant
Unknown

Autosomal dominant
1:200-300

Autosomal dominant
1:2000-5000

Birth
Adolescence
Acute thrombosis,
warfarin sodium
therapy, liver disease,
vitamin K deficiency

Birth
Adolescence
Acute thrombosis,
warfarin sodium
therapy, liver disease,
vitamin K deficiency

...
Adolescence
Acute thrombosis,
heparin therapy, liver
disease

*Adapted from Alving9 with permission (The McGraw-Hill Companies).

ACTIVATED PROTEIN C
RESISTANCE
(FACTOR V LEIDEN)
In normal situations, a homeostasis exists between coagulation and
fibrinolysis. When coagulation is initiated, the process is regulated by a
variety of mechanisms, one of which
is the protein C natural anticoagulant system. Thrombin, when bound
to thrombomodulin on the endothelial surface, activates protein C
into activated protein C (APC). Then
APC inactivates activated factors V
and VIII. This is one of the mechanisms that inhibits thrombin generation and prevents thrombosis
from progressing unchecked.
In 1993, Dahlback et al11 described a patient with a strong family and personal history of thrombosis who did not possess any of the
known hereditary coagulation defects. He found that when APC was
added to the patient’s plasma, the activated partial thromboplastin time
(aPTT) did not prolong as expected.
This phenomenon was termed APC
resistance (APCR).
Subsequently, it was found that
the defect in APCR does not lie in
activated protein C but is actually
due to an abnormality in the APC
cleavage site on factor V. Approximately 90% to 95% of APCR is due
to a single arginine to glutamine mutation at position 506 of factor V,
rendering it resistant to degradation by APC. 12 This mutation is
known as factor V Leiden, named after the city in which it was described. Since this mutation accounts for 90% to 95% of APCR, a
small percentage of patients will harbor APCR in the absence of a factor
V Leiden mutation.

One of the most common hereditary causes of thrombophilia,
APCR has been found in as many as
50% of selected patients13 and approximately 20% of unselected patients with thrombosis.14 Among European whites, the allele frequency in
the general population is 4%, but
among native populations of Africa,
Southeast Asia, and Australia, it is extremely uncommon, if present at all.15
Among European whites, the frequency of factor V Leiden carriers has
been found to be even higher in certain populations. Among the general population, it has been found in
13% in Cyprus,15 11% in Sweden,16
and 9% in Turkey.17 The relative risk
of thrombosis for carriers of the factor V Leiden mutation is thought to
be increased 7-fold for heterozygotes and 80-fold for homozygotes in
patients younger than 70 years without malignant neoplasms.18 This is an
important cause of thrombosis even
in elderly patients.19
Since lower extremity venous
ulcers have been associated with
previous episodes of venous thrombosis, investigators have been interested in whether there is an association between venous ulcers and
APCR.20,21 In a study of 46 consecutive patients with chronic venous leg
ulcers with a mean age of 80 years and
a median ulcer duration of 4 years,
12 (26%) were found to be associated
with APCR. These same investigators
found APCR in only 1 (4%) of 23
healthy controls.22
There are several ways to test
for this abnormality. The original
aPTT-based test, in which the aPTT
is determined both with and without the addition of APC, has been
modified so that it can be performed when patients are receiving
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anticoagulants. The APC is added to
patient’s plasma diluted 1:4 in factor V–deficient plasma. An APC ratio is obtained by dividing the aPTT
after the addition of APC by the
aPTT before the addition of APC; a
ratio of less than 2.0 is abnormal.
The presence of a lupus anticoagulant may give rise to an abnormal result.23 A polymerase chain reaction–
based test to test for the factor V
Leiden mutation can either be done
initially, although it would not diagnose non–factor V Leiden causes
of APCR, or can be done after the
APCR aPTT-based test.
THE PROTHROMBIN 20210A
MUTATION
Human prothrombin is a singlechain, vitamin K–dependent protein that is converted by the prothrombinase complex to thrombin
during coagulation. In 1996, Poort et
al24 determined that of 28 selected patients with a family history of thrombosis, 5 (18%) possessed a G to A
nucleoside transition at position
20210 in the 39-untranslated region
of the prothrombin gene. Of 100
healthy controls, only 1 was found to
harbor this mutation. Among patients with a first DVT in the Leiden
Thrombophilia Study, 6.2% were
found to be heterozygous for this mutation, whereas only 2.2% of healthy
controls possessed this mutation. In
this study, the presence of this mutation was associated with a relative
risk of thrombosis of 2.8.24 Interestingly, heterozygous carriers were
found to have approximately 30%
higher prothrombin levels than
healthy controls, and presumably,
this is the mechanism by which it exerts its thrombotic effects.25
Other studies 26-29 have suggested that the prevalence of this
mutation among healthy controls
varies from 0.7% to 4.0%. Using data
from 11 centers, Rosendaal et al30
found the prevalence to be 2.0%,
which was slightly higher in southern Europe (3.0%) than in northern Europe (1.7%). Similar to factor V Leiden, this mutation is
extremely uncommon in nonwhite
populations.
Several other studies have
looked at the prevalence of this mutation among patients presenting

WWW.ARCHINTERNMED.COM

©2001 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 04/01/2015

with an episode of venous thrombosis and among the healthy general population. The mutation was
found in 4% to 8% of patients with
a first episode of thrombosis, representing a relative risk of first venous thrombosis of 2 to 7 compared with the general population.31
The prothrombin 20210A mutation was found to be a risk for
thrombosis independent of factor V
Leiden. Margaglione et al32 studied
281 patents with a first DVT referred to a center for thrombosis in
Italy. The 128 men with a mean age
of 38 years and 153 women with a
mean age of 35 years were compared
with a healthy matched cohort of 850
individuals. In the group with DVT,
14.2% harbored the prothrombin
20210A mutation, whereas the mutation was present in only 4.6% of
controls. Factor V Leiden was present in 18.5% of the DVT group and
5.1% of the controls. The adjusted
odds ratio for DVT was slightly higher
for factor V Leiden (3.4) than prothrombin 20210A (3.1). In this study,
14 patients were found to have both
the factor V Leiden and prothrombin 20210A mutations. The average
age of their first thrombosis was 31.5
years, which was younger than the 38
years for those with only the prothrombin 20210A mutation and the
39 years for those with only factor V
Leiden. This suggests that patients
who harbor both abnormalities are at
increased risk compared with those
with a single abnormality of either factor V Leiden or the prothrombin gene.
Although the prothrombin
gene mutation is associated with elevated prothrombin levels, it is not
clear that assessing prothrombin levels is an adequate method to test for
this mutation. Currently, the recommended test for this mutation is
through DNA analysis.
RISK FOR RECURRENT
EVENTS IN PATIENTS WITH
FACTOR V LEIDEN OR THE
PROTHROMBIN GENE
MUTATION
Whether the prothrombin gene mutation or factor V Leiden confers risk
for recurrent DVT after an initial
thrombosis has been an area of investigation. Unfortunately, there are
conflicting data. Studies by Ridker

et al33 and Simioni et al34 have found
that patients who tested positive for
factor V Leiden are at increased risk
for recurrent thrombosis when compared with patients who tested negative for factor V Leiden. However,
other studies35,36 have not been able
to corroborate these findings.
The risk of recurrence is increased when patients harbor both the
factor V Leiden and prothrombin mutations. In a study of 624 patients with
either first or recurrent DVT who
were referred to a thrombosis center, an evaluation for inherited thrombophilia, including the prothrombin
gene mutation, factor V Leiden, antiphospholipid antibodies, malignant neoplasm, and deficiencies of anti–thrombin III, protein C, or protein
S, was performed. The investigators
found that 238 patients had no abnormalities and 129 were heterozygous for factor V Leiden. Of these 129
patients who possessed the factor V
Leiden, 17 also were heterozygous for
the prothrombin gene mutation. At
the time of referral, the cumulative incidence of recurrent VTE was not statistically different between those with
the factor V Leiden mutation and
those without. However, among those
with both mutations, the relative risk
for recurrent DVT was 2.6-fold increased compared with those with factor V Leiden alone. When only spontaneous (those not occurring during
times of increased risk such as immobility, pregnancy, or surgery) recurrent DVTs were evaluated, the
relative risk was even higher.37
THERAPY
Patients with either factor V Leiden
or the prothrombin 20210A mutation who experience a first DVT
should receive anticoagulation with
warfarin sodium for 3 to 6 months.
Patients with recurrent thrombosis or
those that harbor both abnormalities and have had a first thrombosis
should continue use of warfarin indefinitely. At this time, it is not clear
whether patients with a first episode of thrombosis and a single abnormality will benefit from indefinite anticoagulation. Trials looking
to answer this question are being
planned or are currently under way.38
Although some practitioners
might prescribe indefinite antico-
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agulation for those with a single
abnormality that experienced a lifethreatening thrombosis or thrombosis in an unusual site (cerebral,
mesenteric), at present there is no
evidence to support or refute this
practice.
RISKS ASSOCIATED WITH
PREGNANCY AND THE USE
OF ORAL CONTRACEPTIVES
It has long been known that the risk
of thromboembolism is increased
during pregnancy and the puerperium. To evaluate whether the presence of factor V Leiden or the prothrombin mutation increased the risk
for thrombosis during this period, investigators in Germany evaluated 119
women with a history of thrombosis during pregnancy or the puerperium and 233 age-matched women.
They found factor V Leiden in 44%
of patients with a history of thrombosis compared with 8% of healthy
women (relative risk, 9.3) and found
the prothrombin gene mutation in
17% of those with thrombosis compared with 1% of controls (relative
risk, 15.2). Based on their assumption that thrombosis occurs in 1 of
1500 pregnancies, the risk of thrombosis was estimated to be 0.2% among
carriers of factor V Leiden, 0.5%
among those with the prothrombin
mutation, and 4.6% among those
with both abnormalities.39
Female patients should be
counseled that their risk of thrombosis is increased not only during pregnancy and the puerperium but also
if they choose to use oral contraceptives. Studies have shown that patients with the prothrombin gene
mutation40 and the factor V Leiden
mutation41,42 who use oral contraceptives are at increased risk for venous
thrombosis. Because of its teratogenic potential, warfarin is contraindicated in women who are or may become pregnant.
ASSOCIATION BETWEEN THE
FACTOR V LEIDEN AND
PROTHROMBIN GENE
MUTATIONS AND ARTERIAL
THROMBOSIS
Several studies43-45 have failed to
show an association between either
the factor V Leiden or the prothrom-
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bin gene mutation and arterial disease, such as stroke or myocardial
infarction. However, there is a suggestion that these defects may contribute to myocardial infarction in
young women46,47 or in those with
other risk factors for atherosclerosis.48 At this time, these 2 mutations
are not thought to be a major cause
of arterial thrombosis.
HYPERHOMOCYSTEINEMIA
Homocysteine is a sulfur-containing amino acid formed during the
metabolism of methionine. Levels of
homocysteine can be elevated
through a variety of genetic and environmental mechanisms, such as
hereditary enzyme deficiencies (such
as cystathionine b-synthase deficiency and methylene-tetrahydrofolate reductase deficiency), chronic
renal failure, hypothyroidism, certain malignant neoplasms, or the use
of methotrexate, phenytoin, or theophylline. However, deficiencies of
folate or vitamins B12 and B6 account for two thirds of cases of hyperhomocysteinemia.49
There is strong evidence linking elevated homocysteine levels and
arterial disease. The Physicians’
Health Study50 followed up more
than 14 000 physicians without
known coronary artery disease.
Those with plasma homocysteine
levels 12% above normal had a 3-fold
increased risk for the development
of coronary artery disease than those
with lower levels. Furthermore,
other studies51-56 have also shown an
increased risk of myocardial infarction, stroke, and death in patients
with elevated homocysteine levels.
In addition to being a risk factor for arterial disease, hyperhomocysteinemia has been shown to be a
risk for venous thrombosis. Of 269
patients younger than 70 years with
a first episode of DVT participating in
the Leiden Thrombophilia Study, homocysteine levels above the 95th percentile were found in 10%, which corresponds to an odds ratio of 2.5 when
compared with a healthy matched
control group.57 This increased risk
was independent of other known risk
factors for venous thrombosis, such
as protein C, protein S, antithrombin deficiencies, and APCR. Similarly, in a meta-analysis of 10 case-

control studies, den Heijer et al58
found an odds ratio of 2.5 for fasting
homocysteine levels above the 95th
percentile. Furthermore, elevated homocysteine levels have also been
shown to be associated with a higher
rate of recurrent thrombosis.59,60
The diagnosis of hyperhomocysteinemia can be made by measuring fasting homocysteine plasma levels. Whereas the normal level is less
than 15 µmol/L, patients with mild
disease have levels in the 15- to 30µmol/L range, patients with moderate disease have levels in the 30- to
100-µmol/L range, and those with severe disease have higher levels. Methionine loading stresses the homocysteine metabolic pathways and is
thought to be more sensitive than
fasting levels in detecting homocysteine metabolic abnormalities.61 Homocysteine is measured before and
4 to 8 hours after 100 mg/kg of oral
methionine is given to a fasting patient. Hyperhomocysteinemia is diagnosed if the plasma homocysteine
level is more than 2 SDs above the
mean after the methionine load.49
Similar to patients with venous thrombosis who harbor no
mutations or either of the factor V
Leiden or prothrombin 20210A mutations, those with hyperhomocysteinemia and a first episode of
thrombosis should be treated with
anticoagulation for 3 to 6 months.
However, if a patient is deficient in
folate or vitamins B6 or B12, those vitamins should be administered in
sufficient doses to achieve normal
levels. In the absence of a specific vitamin deficiency, plasma homocysteine levels can be reduced up to 50%
using folic acid alone. 62,63 Typically, folic acid is given orally in
doses of 1 to 2 mg/d. It is uncertain
whether the addition of vitamins B6
(pyridoxine hydrochloride)or B12
(cyanocobalamin) is of additional
benefit to folic acid in the absence
of a specific vitamin deficiency. Although homocysteine levels have
been shown to decrease with folic
acid supplementation, to date, we do
not know whether this will ultimately lead to a decreased frequency of adverse outcomes, such
as arterial or venous thromboses.
Such studies are presently under
way, and their results are anxiously
awaited.
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ELEVATED FACTOR VIII
LEVELS
Elevated levels of another protein involved in coagulation, factor VIII,
have also been associated with
thrombosis. In multivariate analysis, Koster et al64 found that when
compared with subjects with factor
VIII levels of 1000 IU/L or less, those
with levels greater than 1500 IU/L
possessed an almost 5-fold increased risk for thrombosis. Of patients with a first episode of DVT,
25% were found to have levels above
1500 IU/L compared with 11% of
healthy matched controls. In addition, in patients with unexplained
thromboembolism referred for
thrombophilia screening, elevated
factor VIII levels were the most common abnormality detected.65 Some
have suggested that a C-reactive protein level should be measured to exclude elevated factor VIII levels as
an acute-phase reactant, since levels can increase during acute illness.66 At this time, little is known
as to how elevated factor VIII levels
affect the treatment of VTE.
ELEVATED FACTOR XI LEVELS
Increased levels of a component of
the intrinsic factor pathway, factor
XI, have recently been implicated as
a risk factor for venous thrombosis.67 Investigators measured the factor XI antigen levels of patients enrolled in the Leiden Thrombophilia
Study and found that the relative risk
of thrombosis for patients with levels above the 90th percentile was 2.2
compared with those with levels at
or below that value. A continuous
dose-response relation was noted;
the higher the factor XI level, the
higher the risk of thrombosis. Furthermore, this increased risk was independent of other known risk factors for thrombosis, such as oral
contraceptive use, older age, and elevated levels of factor VIII and homocysteine. When patients with
known genetic causes of thrombophilia, such as the prothrombin
20210A or factor V Leiden mutations, or deficiencies of antithrombin or proteins C or S were excluded from analysis, the odds ratio
did not change. This suggests that
the increased risk seen in patients
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with elevated factor XI levels is not
due to an association with these
known causes of thrombophilia. The
authors determined that in the general population up to 11% of all cases
of thrombosis might be attributable to high levels of factor XI. Studies are under way to determine
whether increased levels of this factor are genetically determined.67

ceiving this anticoagulant. Since proteins C and S are vitamin K dependent, their levels are reduced during
therapy with warfarin sodium; levels should be measured after the patient has been free of warfarin for at
least 2 weeks. Currently, the role of
screening for elevated factor VIII and
XI levels is not clear.
CONCLUSIONS

WHOM TO EVALUATE
Since these risks for thrombosis are
recently described, there are no large,
well-done studies to assess an optimal, cost-effective approach with regard to screening and case finding
for these disorders. It would be reasonable to pursue a workup for those
with any of the following: thrombosis at an early age (younger than 45
to 50 years), a family history of
thrombosis, or recurrent thrombosis. Some clinicians might also order these tests if the patient developed a thrombosis at an unusual site
(eg, mesenteric, cerebral, or hepatic vein thromboses) or for a patient who presented with a lifethreatening event.
For patients who develop
thrombosis before the age of 45 to
50 years and in those with a family
history of thrombosis, it would be
reasonable to order tests to evaluate whether the patient has 1 of the
following disorders: deficiencies of
anti–thrombin III, protein C, and
protein S or the presence of antiphospholipid antibody syndrome,
factor V Leiden, prothrombin
20210A mutation, and hyperhomocysteinemia. For those who develop their first episode of thrombosis after the age of 45 to 50 years
and without a family history of
thrombosis, it would be reasonable
to omit tests looking for deficiencies of anti–thrombin III, protein C,
or protein S, since these disorders
would be much less likely.
Clinicians should be aware that
levels of protein C, protein S, and antithrombin III are decreased in acute
thrombosis, and therefore they
should not check these levels during an acute event. Furthermore, antithrombin III levels are decreased
by the administration of heparin sodium, and therefore should not be
measured when the patient is re-

Venous thrombosis continues to be
a major cause of morbidity and mortality. Recent scientific advances
have led to an improved understanding of factors that may explain causes
for most patients that experience
thrombosis. Future studies should
be directed at determining the optimal cost-effective workup for hypercoagulability and whether longterm anticoagulation will prove
beneficial after an initial episode of
thrombosis for those with these abnormalities. These and other studies are anxiously awaited.
Accepted for publication November 27,
2000.
Corresponding author: Daniel G.
Federman, MD, VA Connecticut HCS
(11ACSL), 950 Campbell Ave, West
Haven, CT 06516 (e-mail: Federman
.Daniel_G+@west-haven.va.gov).
REFERENCES
1. Brandjes DP, Buller HR, Heijboer H, et al. Randomised trial of effect of compression stockings
in patients with symptomatic proximal-vein thrombosis. Lancet. 1997;349:759-762.
2. Cornwall J, Dore C, Levis J. Leg ulcers: epidemiology and aetiology. Br J Surg. 1986;73:693696.
3. Goldhaber SZ. Epidemiology of pulmonary embolism and deep vein thrombosis. In: Bloom
AL, Forbes CD, Thomas DP, Tuddenham EG, eds.
Haemostasis and Thrombosis. New York, NY:
Churchill Livingstone; 1994:1327.
4. Virchow R. Phlogose und Thrombose im Gefasssystem. 1856.
5. Egeberg O. Inherited antithrombin deficiency
causing thrombophilia. Thromb Diathesis Haemorrhage. 1965;13:516-530.
6. Griffin JH, Evatt B, Zimmerman TS, Kleiss AJ, Wideman C. Deficiency of protein C in congenital thrombotic disease. J Clin Invest. 1981;68:1370-1373.
7. Schwartz HP, Fischer M, Hopmeier P, Batard MA,
Griffin JH. Plasma protein S deficiency in familial
thrombotic disease. Blood. 1984;64:1297-1300.
8. Heijboer H, Brandjes DP, Buller HR, Sturk A, ten
Cate JW. Deficiencies of coagulation-inhibiting and
fibrinolytic proteins in outpatients with deep venous thrombosis. N Engl J Med. 1990;323:15121516.

(REPRINTED) ARCH INTERN MED/ VOL 161, APR 23, 2001
1055

9. Alving BM. The hypercoaguable states. Hosp Pract.
1993;28:109-121.
10. Greaves M. Antiphospholipid antibodies and
thrombosis. Lancet. 1999;353:1348-1353.
11. Dahlback B, Carlsson M, Svensson PJ. Familial
thrombophilia due to a previously unrecognized
mechanism characterized by poor anticoagulant
response to activated protein C: prediction of a cofactor to activated protein C. Proc Natl Acad Sci
U S A. 1993;90:1004-1008.
12. Bertina RM, Koeleman BP, Koster T, et al. Mutation in blood coagulation factor V associated with
resistance to activated protein C. Nature. 1994;
369:64-67.
13. Griffin JH, Evatt B, Wideman C, Fernandez JA. Anticoagulant protein C pathway defective in majority of thrombophilic patients. Blood. 1993;82:
1989-1993.
14. Koster T, Rosendaal FR, De Ronde H, Briet E, Vandenbroucke JP, Bertina RM. Venous thrombosis
due to poor anticoagulant response to activated
protein C: Leiden Thrombophilia Study. Lancet.
1993;342:1503-1506.
15. Rees DC, Cox M, Clegg JB. World distribution of
factor V Leiden. Lancet. 1995;346:1133-1134.
16. Svensson PJ, Zoller B, Mattiasson I, Dahlback B.
The factor V R506Q mutation causing APC resistance is highly prevalent amongst unselected outpatients with clinically suspected deep venous
thrombosis. J Intern Med. 1997;241:379-385.
17. Ozbek U, Tsangun Y. Frequency of factor V Leiden
in Turkey. Int J Hematol. 1996;64:291-292.
18. Rosendaal FR, Koster T, Vandenbrouke JP,
Reitsma PH. High risk of thrombosis in patients
homozygous for factor V Leiden (activated protein C resistance). Blood. 1995;85:1504-1508.
19. Andre E, Siguret V, Alhenc-Gelas M, Saint-Jean
O, Gaussem P. Venous thrombosis in older people:
prevalence of the factor V gene mutation Q506.
J Am Geriatr Soc. 1998;46:1545-1549.
20. Peus D, Schmiedeberg SV, Pier A, et al. Coagulation factor V gene mutation associated with activated protein C resistance leading to recurrent
thrombosis, leg ulcers, and lymphedema: successful treatment with intermittent compression. J Am Acad Dermatol. 1996;35:306-309.
21. Hackenjos K, Bek M, Schopf E, Vanscheidt W.
Recurrent ulcerations on both legs since early
childhood due to a factor V gene mutation. Dermatology. 1997;194:297-298.
22. Munkvad S, Jorgensen M. Resistance to activated protein C: a common anticoagulant deficiency in patients with venous leg ulceration. Br
J Dermatol. 1996;134:296-298.
23. Montaruli B, Schinco P, Pannocchia A, et al. Use
of modified functional assays for activated protein C resistance in patients with basally prolonged aPTT. Thromb Haemost. 1997;78:10421048.
24. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM.
A common genetic variant in the 39-untranslated
region of the prothrombin gene is associated with
elevated plasma prothrombin levels and an increase in thrombosis. Blood. 1996;88:36983703.
25. Huisman MV, Rosendaal F. Thrombophilia. Curr
Opin Hematol. 1999;6:291-297.
26. Arruda VR, Annichino-Bizzacchi JM, Goncalves
MS, Costa FF. Prevalence of the prothrombin gene
variant (nt20210A) in venous thrombosis and arterial disease. Thromb Haemost. 1997;78:14301433.
27. Brown K, Luddington R, Williamson D, Baker P,
Baglin T. Risk of venous thromboembolism associated with a G to A transition at position 20210

WWW.ARCHINTERNMED.COM

©2001 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 04/01/2015

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

in the 39-untranslated region of the prothrombin
gene. Br J Haematol. 1997;98:907-909.
Cumming AM, Keeney S, Salden A, Bhavnani
M, Shwe KH, Hay CR. The prothrombin gene
G.20210A variant: prevalence in a UK anticoagulant clinic population. Br J Haematol. 1997;98:
353-355.
Hillarp A, Zoller B, Svensson PH, Dahlback B. The
20210A allele of the prothrombin gene is a common risk factor among Swedish outpatients with
verified deep vein thrombosis. Thromb Haemost. 1997;78:990-992.
Rosendaal FR, Doggen CJ, Zivelin A, et al. Geographic distribution of the 20210 G to A prothrombin variant. Thromb Haemost. 1998;79:706-708.
Vicente V, Gonzalez-Conejero R, Rivera J, Corral
J. The prothrombin gene variant 20210A in venous and arterial thromboembolism. Haematologica. 1999;84:356-362.
Margaglione M, Branacaccio V, Giuliani N, et al.
Increased risk for venous thrombosis in carriers
of the prothrombin G to A 20210 gene variant. Ann
Intern Med. 1998;129:89-93.
Ridker PM, Miletich JP, Stampfer MJ, Goldhaber
SZ, Lindpainter K, Hennekens CH. Factor V Leiden
and risks of recurrent idiopathic venous thromboembolism. Circulation. 1997;92:2800-2802.
Simioni P, Prandoni P, Lensing AW, et al. The risk
of recurrent venous thromboembolism in patients with an Arg 506 to Gln mutation in the gene
for factor V (factor V Leiden). N Engl J Med. 1997;
336:399-403.
Eichinger S, Pabinger I, Stumpflen A, et al. The
risk of recurrence of venous thromboembolism
in patients with and without factor V Leiden.
Thromb Haemost. 1997;77:624-628.
Lindmarker P, Schulman S, Sten-Linder M, Wiman
B, Egberg N, Johnsson H. The risk of recurrent venous thromboembolism in carriers and noncarriers of the G1691A allele in the coagulation factor V gene and the G20210A allele in the prothrombin
gene. Thromb Haemost. 1999;81:684-689.
De Stefano V, Martinelli I, Mannucci PM, et al. The
risk of recurrent deep venous thrombosis among
heterozygous carriers of both factor V Leiden and
the G20210A prothrombin mutation. N Engl J Med.
1999;341:801-806.
Ridker PM. Long-term low-dose warfarin among
venous thrombosis patients with and without factor V Leiden mutation: rationale and design for the
Prevention of Recurrent Venous Thromboembolism (PREVENT) trial. Vasc Med. 1998;3:67-73.
Gerhardt A, Scharf RE, Beckmann MW, et al. Prothrombin and factor V mutations in women with
a history of thrombosis during pregnancy and the
puerperium. N Engl J Med. 2000;342:374-380.
Martinelli I, Sacchi E, Landi G, Taoli E, Duca F,
Manucci M. High risk of cerebral-vein thrombo-

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

sis in carriers of a prothrombin-gene mutation and
in users of oral contraceptives. N Engl J Med. 1998;
338:1793-1797.
De Bruijn SF, Stam J, Koopman MM, Vandenbroucke JP. Case-control study of risk of cerebral sinus thrombosis in oral contraceptive users who are carriers of hereditary prothrombotic
conditions. BMJ. 1998;316:589-592.
Vandenbroucke JP, Koster T, Briet E, Reitsma PH,
Bertina RM, Rosendaal FR. Increased risk of venous thrombosis in oral-contraceptive users who
are carriers of factor V Leiden mutation. Lancet.
1994;344:1453-1457.
Cushman M, Rosendaal FR, Psaty BM, et al. Factor V Leiden is not a risk factor for arterial vascular disease in the elderly: results from the Cardiovascular Health Study. Thromb Haemost. 1998;
79:912-915.
Longstreth WT Jr, Rosendaal FR, Siscovick DS,
et al. Risk of stroke in young women and two prothrombotic mutations: factor V Leiden and prothrombin gene variant (G20210A). Stroke. 1998;
84:1031-1035.
Ridker PM, Hennekens CH, Lindpaintner K,
Stampfer MJ, Eisenberg PR, Miletich JP. Mutation in the gene coding for coagulation factor V
and the risk of myocardial infarction, stroke, and
venous thrombosis in apparently healthy men.
N Engl J Med. 1995;332:912-917.
Rosendaal FR, Siscovick DS, Schwartz SM, Psaty
BM, Raghunathan TE, Vos HL. A common prothrombin variant (20210 G to A) increases the risk
of myocardial infarction in young women. Blood.
1997;90:1747-1750.
Rosendaal FR, Siscovick DS, Schwartz SM, et al.
Factor V Leiden (resistance to protein C) increases the risk of myocardial infarction in young
women. Blood. 1997;89:2817-2821.
Doggen CJ, Manger Cats V, Bertina RM, Rosendaal
FR. Interaction of coagulation defects and cardiovascular risk factors: increased risk of myocardial infarction associated with factor V Leiden or
prothrombin 20210A. Circulation. 1998;97:10371041.
Alpert MA. Homocyst(e)ine, atherosclerosis, and
thrombosis. South Med J. 1999;92:858-865.
Stampfer MJ, Malinow MR, Willett WC, et al. A
prospective study of plasma homocyst(e)ine and
risk of myocardial infarction in US physicians.
JAMA. 1992;268:877-881.
Arnesen E, Refsum H, Bonaa KH, Ueland PM, Forde
OH, Nordrehaug JE. Serum total homocysteine and
coronary heart disease. Int J Epidemiol. 1995;24:
704-709.
Nygard O, Nordrehaug JE, Refsum H, Ueland PM,
Farstad M, Vollse SE. Plasma homocysteine levels and mortality in patients with coronary artery
disease. N Engl J Med. 1997;337:230-236.

(REPRINTED) ARCH INTERN MED/ VOL 161, APR 23, 2001
1056

53. Wald NJ, Watt HC, Law MR, Weir DG, McPartlin
J, Scott JM. Homocysteine and ischemic heart disease. Arch Intern Med. 1998;158:862-867.
54. Clarke R, Daly L, Robinson K, et al. Hyperhomcysteinemia: an independent risk factor for vascular disease. N Engl J Med. 1991;324:1149-1155.
55. Selhub J, Jacques PF, Bostom AG, et al. Plasma
homocysteine and extracranial carotid stenosis in
the Framingham Heart Study. N Engl J Med. 1995;
332:286-291.
56. Perry IJ, Refsum H, Morris RW, Ebrahim SB,
Ueland PM, Shaper AG. Prospective study of serum total homocysteine concentration and risk of
stroke in middle-aged British men. Lancet. 1995;
346:1395-1398.
57. den Heijer M, Koster T, Blom HJ, et al. Hyperhomocysteinemia as a risk factor for deep vein thrombosis. N Engl J Med. 1996;334:759-762.
58. den Heijer M, Rosendaal FR, Blom HJ, Gerrits WB,
Bos GM. Hyperhomocysteinemia and venous
thrombosis: a meta-analysis. Thromb Haemost.
1998;80:874-877.
59. Fermo I, Vigano’D’Angelo S, Paroni R, Mazzola G,
Calori G, D’Angelo A. Prevalence of moderate hyperhomocysteinemia in patients with earlyonset venous and arterial occlusive disease. Ann
Intern Med. 1995;123:747-753.
60. den Heijer M, Blom HJ, Gerrits WB, et al. Is hyperhomocysteinemia a risk factor for recurrent
thrombosis? Lancet. 1995;345:882-885.
61. Hankey GJ. Homocysteine and vascular disease.
Lancet. 1999;354:407-413.
62. Brattstrom LE, Israelsson B, Jeppsson JO, Hultberg BL. Folic acid, an innocuous means to reduce plasma homocysteine. Scand J Clin Lab Invest. 1988;48:215-221.
63. Ueland PM, Refsum H. Plasma homocysteine, a
risk factor for vascular disease: plasma levels in
health, disease, and drug therapy. J Lab Clin Med.
1989;114:473-501.
64. Koster T, Blann AD, Briet E, Vandenbroucke JP,
Rosendaal FR. Role of clotting factor VIII in effect of von Willebrand factor on occurrence of
deep-vein thrombosis. Lancet. 1995;345:152155.
65. O’Donnell JO, Tuddenham EG, Manning R, KimballCook G, Johnson D, Laffan M. High prevalence of
elevated factor VIII levels in patients referred for
thrombophilia screening: role of increased synthesis and relationship to the acute phase reaction.
Thromb Haemost. 1997;77:825-828.
66. Cumming AM, Shiach CR. The investigation and
management of inherited thrombophilia. Clin Lab
Haematol. 1999;21:77-92.
67. Meijers JCM, Tekelenburg WLH, Bouma BN,
Bertina RM, Rosendaal FR. High levels of coagulation factor XI as a risk factor for venous thrombosis. N Engl J Med. 2000;342:696-701.

WWW.ARCHINTERNMED.COM

©2001 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ on 04/01/2015

